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The present invention relates to a power 
transformer/reactor (100) comprising at feast 
one winding (22i, 222). The winding/ windings 
(22 1, 222) comprises/comprise at least one 
electric conductor, a first semiconducting layer 
(14) arranged around the conductor, an insulat- 
ing layer (16) arranged around the first semi- 
conducting layer (14), and a second semicon- 
ducting layer (18) arranged around the insu- 
lating layer (16). The winding/windings (22i, 
22j) is/are enclosed in a container (102) filled 
with a liquid, said liquid accomplishing a cool- 
ing. 
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A POWER TRANSFORMER/REACTOR 

According to a first aspect, the present invention relates to a 
power transformer/reactor. 
5 During all transmission and distribution of electric energy trans- 

formers are present, their task being that of permitting a change of 
electric energy between two or more electric systems which normally 
have different voltage levels. There are transformers for all effect re- 
gions from the VA to the 1000 MVA region. As to the voltage region 
10 there is a spectrum up to the highest transmission voltages used today. 
For the transmission of energy between the electric systems, electro- 
magnetic induction is used. 

By transmission of electric energy, also reactors are present as 
an important component, for example during phase compensation and 
15 filtration. 

The transformer/reactor which is the object of the present inven- 
tion belongs to the so-called power transformers/reactors with a rated 
effect from some 100 kVA to above 1000 MVA with a rated voltage from 
3-4 kV and up to very high transmission voltages. 
20 Generally, the primary task of a power transformer is to permit an 

interchange of electric energy between two or more electric systems 
which mostly have different voltages of the same frequency. 

A conventional power transformer/reactor comprises a transform- 
er core, hereinafter named core, made of laminated, preferably oriented 
25 sheet, normally made of silicon iron. The core is comprised by a number 
of core legs connected by yokes. Around the core legs, there are a 
number of windings which are normally called primary, secondary, and 
control winding. As to power transformers, these windings are practically 
always arranged concentrically and distributed along the length of the 
30 core legs. 

Sometimes other types of core constructions might be used, for 
xample thos that ar included in so-called sh II transformers or in 
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toroid core transform rs. Examples of cor constructions are described 
in DE 40414 amongst others. The core may be comprised by conven- 
tional magnetizable materials, such as the oriented sheet mentioned 
above, or of other magnetizable materials, such as ferrites, amorphous 
5 materials, metal threads or metal bands* When it comes to reactors, the 
magnetizable core may, as is well known, be excluded. 

The windings mentioned above are formed by one or more coils 
connected in series and constituted by a number of turns connected in 
series. The turns of an individual coil are normally joined to one geo- 
10 metrically continuous unit, physically separated from the rest of the 
coils. 

The insulation system, within a coil/winding on one hand, and 
between coils/windings and other metal details on the other hand, is 
normally constituted by a solid cellulose or lacquer based insulation 

15 nearest to the individual conducting element and, at the outside thereof, 
as solid cellulose and liquid, possibly also gaseous insulation. Windings 
with insulation and possible strut parts will, in this way, represent large 
volumes that will be subjected to high electrical field strengths that ap- 
pear in and around the active electromagnetic parts of the transformer. 

20 In order to be able to predetermine the dieletrical loads appearing and to 
obtain a dimensioning with a minimal risk of having an electric break- 
down, a good knowledge about the properties of the insulation materials 
is required. It is also important to accomplish a surrounding environment 
that does not change or impair the insulation properties. 

25 The most common outer insulation system for high voltage, con- 

ventional power transformers/reactors today is comprised by a cellulose 
material forming the solid insulation and transformer oil forming the liq- 
uid insulation. The transformer oil is based on so-called mineral oil. 

Apart from a relatively complicated structure, conventional insula- 

30 tion systems also require special manufacturing measures in order to 
take advantage of the good insulation properties of the insulation sys- 
tem. The system should have a low moisture content, th solid phase in 
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th insulation system should b well impregnated with the surrounding 
liquid, and the risk of having remaining gas pockets in the solid phase 
has to be at a minimum. Therefore, during the manufacturing, a special 
drying process is performed onto a complete core with windings before 
the positioning thereof into a box. After positioning into and sealing of 
the box, the box is emptied from all air by a special vacuum treatment 
before it is filled with oil. Such a process constitutes a substantial part of 
the total manufacturing time while, at the same time, it requires exten- 
sive engineering resources. 

As the process requires a total out-pumping of gas in order to 
obtain a nearly absolute vacuum, the box or the tank that surrounds the 
transformer has to be constructed for a total vacuum, resulting in an ex- 
tra consumption of material and manufacturing time. 

Furthermore, mounting on the field requires, in its turn, repeated 
vacuum treatment, a process that has to be repeated each time the 
transformer has been opened for some measure or inspection. 

It has now proven itself that, by producing windings for the initi- 
ally mentioned power transformer/reactor made of an insulated electric 
high voltage conductor with a solid insulation of a kind similar to the one 
of cables for power transmission, it is possible to obtain a plurality of 
advantages. 

The insulated conductor or cable used in the present invention is 
flexible and of a kind which is described in more detail in WO 97/45919 
and WO 97/45847. Additional descriptions of the insulated conductor or 
cable concerned can be found in WO 97/45918, WO 97/45930 and WO 
97/45931. 

Accordingly, the windings, in the arrangement according to the 
invention, are preferably of a type corresponding to cables having solid, 
extruded insulation, of a type now used for power distribution, such as 
XLPE-cables or cables with EPR-insulation. Such a cable comprises an 
inn r conductor composed of one or more strand parts, an inner semi- 
conducting layer surrounding th conductor, a solid insulating layer sur- 
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rounding this and an outer semiconducting layer surrounding the insulat- 
ing layer. Such cables are flexible, which is an important property in this 
context since the technology for the arrangement according to the in- 
vention is based primarily on winding systems in which the winding is 
5 formed from cable which is bent during assembly. The flexibility of an 
XLPE-cable normally corresponds to a radius of curvature of approxi- 
mately 20 cm for a cable with a diameter of 30 mm, and a radius of cur- 
vature of approximately 65 cm for a cable with a diameter of 80 mm. In 
the present application the term "flexible" is used to indicate that the 
10 winding is flexible down to a radius of curvature in the order of four 

times the cable diameter, preferably eight to twelve times the cable di- 
ameter. 

The winding should be constructed to retain its properties even 
when it is bent and when it is subjected to thermal or mechanical stress 

15 during operation. It is vital that the layers retain their adhesion to each 
other in this context. The material properties of the layers are decisive 
here, particularly their elasticity and relative coefficients of thermal ex- 
pansion. In an XLPE-cable, for instance, the insulating layer consists of 
cross-linked, low-density polyethylene, and the semiconducting layers 

20 consist of polyethylene with soot and metal particles mixed in. Changes 
in volume as a result of temperature fluctuations are completely ab- 
sorbed as changes in radius in the cable and, thanks to the compara- 
tively slight difference between the coefficients of thermal expansion in 
the layers in relation to the elasticity of these materials, the radial ex- 

25 pansion can take place without the adhesion between the layers being 
lost. 

The material combinations stated above should be considered 
only as examples. Other combinations fulfilling the conditions specified 
and also the condition of being semiconducting, i.e. having resistivity 
30 within the* range of 10" 1 -10 6 ohm-cm, e.g. 1-500 ohm-cm, or 

10-200 ohm-cm, naturally also fall within the scope of the invention. 
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The insulating layer may consist, for example, of a solid th rmo- 
plastic material such as low-density polyethylene (LDPE), high-density 
polyethylene (HDPE), polypropylene (PP), polybutylene (PB), polymethyl 
pentene (TPX"), cross-linked materials such as cross-linked polyethyl- 
ene (XLPE), or rubber such as ethylene propylene rubber (EPR) or sili- 
con rubber. 

The inner and outer semiconducting layers may be of the same 
basic material but with particles of conducting material such as soot or 
metal powder mixed in. 

The mechanical properties of these materials, particularly their 
coefficients of thermal expansion, are affected relatively little by whether 
soot or metal powder is mixed in or not - at least in the proportions re- 
quired to achieve the conductivity necessary according to the invention. 
The insulating layer and the semiconducting layers thus have substan- 
tially the same coefficients of thermal expansion. 

Ethylene-vinyl-acetate copolymers/nitrile rubber (EVA/NBR), bu- 
tyl graft polyethylene, ethylene-butyl-acrylate copolymers (EBA) and 
ethylene-ethyl-acryiate copolymers (EEA) may also constitute suitable 
polymers for the semiconducting layers. 

Even when different types of material are used as base in the 
various layers, it is desirable for their coefficients of thermal expansion 
to be substantially the same. This is the case with the combination of 
the materials listed above. 

The materials listed above have relatively good elasticity, with an 
E-modulus of E<500 MPa, preferably <200 MPa. The elasticity is suffi- 
cient for any minor differences between the coefficients of thermal ex- 
pansion for the materials in the layers to be absorbed in the radial di- 
rection of the elasticity so that no cracks appear, or any other damage, 
and so that the layers are not released from each other. The material in 
the layers is elastic, and the adhesion between the layers is at least of 
the same magnitude as in the weakest of the materials. 
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The conductivity of the two semiconducting layers is sufficient to 
substantially equalize the potential along each layer. The conductivity of 
the outer semiconducting layer is sufficiently high to enclose the electri- 
cal field within the cable, but sufficiently low not to give rise to signifi- 
5 cant losses due to currents induced in the longitudinal direction of the 
layer. 

Thus, each of the two semiconducting layers essentially consti- 
tutes one equipotential surface, and these layers will substantially en- 
close the electrical field between them. 

10 There is, of course, nothing to prevent one or more additional 

semiconducting layers being arranged in the insulating layer. 

In a conventional oil-insulated transformer, the removal trans- 
portation of the heat generated through the losses in the core and the 
winding is executed by means of the oil. Therefore, the oil must circulate 

15 in a suitable way through the winding package and subsequently be 
cooled. The oil can be forced to circulate through the windings, but 
many manufacturers use self-circulation. In a self-cooled transformer, oil 
is streaming into the bottom of the transformer box and is successively 
heated during the passage through the winding. The hot oil leaves the 

20 box through the upper part of the latter and is cooled in radiators or 
coolers. 

Through US patent document 1, 481,585 it is also already known 
to cast windings into concrete. In this case, the winding is comprised by 
a so-called high voltage cable, the core of which is insulated by means 

25 of an impregnated paper or a lacquered or varnished textile material, 

and where the cable is coated with lead. According to this patent, which 
by the way was filed in 1919, a cable with the described type of insula- 
tion and a fairly rigid metallic shield will not, however, in practice be 
able to cope with the radiuses of curvature and the bending forces that 

30 are needed in transformer windings. The risk of having damages in the 
insulation, with a subsequent breakdown is large. Thermal variations 
(heat xpansion) and other mechanical forces might asily give ris to 
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voids in the insulation, voids that b com th starting point for an elec- 
tric breakdown, either immediately or after an affection by the partial 
discharges in the gas volume. Furthermore, at that time the expression 
"high voltage" referred to a voltage of approximately some dozens of kV 
5 and a rated effect of some MVA, the described cable accordingly not 
being at all suited to the voltage and effect levels that are referred to by 
the expression "high voltage" today. 

By other winding arrangements, the winding is cooled to a wide 
extent by horizontal oil flows, the oil flow needing to be controlled by 
10 means of barriers. The cooling of the oil is simple by smaller transform- 
ers. The walls of the transformer box, possibly provided with plied cool- 
ing ribs, will then provide a sufficient cooling surface for the oil flowing 
down the walls. Together with an increasing transformer size, the loss 
effect per surface unit grows, and the cooling has to be made more ef- 
15 fective. By transformers in the region up to some dozen of MVA, radia- 
tors with self-circulation of the oil are often used. Larger transformers 
are normally provided with compact coolers with circulation pumps and 
fans, possibly with water cooling instead of air cooling. 

The object of the present invention is to solve the problems men- 
20 tioned above. This is accomplished by means of a power transformer/re- 
actor according to patent claim 1. The power transformer/reactor accord- 
ing to the present invention comprises at least one winding, normally ar- 
ranged around a magnetizable core of a varying geometry. In order to 
simplify the following description, the expression "the windings* will be 
25 used hereinafter. The windings comprise at least one electric conductor, 
a first semiconducting layer surrounding the conductor, an insulating 
layer arranged around the first semiconducting layer, and a second 
semiconducting layer arranged around the insulating layer. Furthermore, 
the windings are enclosed in a container filled with liquid, said liquid ac- 
30 complishing a cooling. 

As the winding is constructed in the way defined above, electric 
fi Ids will be enclos d, r suiting in th substantial advantage of having 
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an electric field that will b close to 0 in the nd region of the coil out- 
side the winding, and in the electric field outside the winding not need- 
ing to be controlled. In other words, the electric field is already con- 
trolled in this way. This means that no field concentrations can be ob- 
5 tained, neither inside the core nor in the end region of the coil or in the 
transition therebetween. Moreover, the cooling of the transformer/reac- 
tor is accomplished. 

Hereby, there will be a further advantage if the potential of the 
first semiconducting layer is generally equal to the potential of the con- 
10 ductor. 

In connection hereto, it will be a further advantage if the second 
semiconducting layer is provided to generally form an equipotential sur- 
face, surrounding the conductor. 

Hereby, another advantage will be obtained if at least two ad- 
15 jacent layers of the windings of the power transformer/reactor have gen- 
erally equal coefficients of thermal expansion. Hereby, no fractures will 
appear in the windings when those are subjected to temperature 
changes. 

In this context, it will be an advantage if the conductor comprises 
20 a number of strands, at least some of which are in electric contact with 
each other. 

In this context, it will be a further advantage if each of said three 
layers is directly connected to adjacent layers along generally the whole 
contact surface. 

25 In this context, it will be a further advantage if the winding/wind- 

ings is/are formed by a cable, preferably a high voltage cable. 

In this context, there will be a further advantage if the high volt- 
age cable is given a conducting area of between 80 and" 3000 mm 2 and 
an outer cable diameter of between 20 and 250 mm. 

30 In this context, it will be an advantage if the high voltage cable 

comprises a metal shield or mantle. 
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9 

Ther will be another advantage in this context if the insulating 
conductor or the high voltage cable is flexible. 

In this context, it will be an advantage if the layers are arranged 
to adhere to each other also when the insulating conductor or the high 
5 voltage cable is bent. 

The use of such a cable means that the areas of the transformer- 
/reactor that are subjected to high electrical loads are delimited to the 
solid insulation of the cable. The rest of the transformer/reactor parts 
are only subjected to very decent electrical field strengths in the high 

10 voltage context. Moreover, the use of such a cable means that a plural- 
ity of the problem areas described during the definition of the back- 
ground of the invention are eliminated. The insulation will be very sim- 
ple. The construction time will be substantially shorter in comparison to 
the one of a conventional power transformer/reactor. The windings can 

15 be built separately, and the power transformer/reactor can be finally 
mounted on the operation spot. 

However, the use of such a cable leads to new questions that 
have to be answered. The outer semiconducting layer must be directly 
grounded in or in the nearness of the two ends of the cable, so that the 

20 electric load which arises both during normal operation voltage and 

during transient sequences mainly shall burden only the solid insulation 
of the cable. The layer and these direct groundings form a closed circuit 
in which a current is induced during operation. In order to make the re- 
sistivity loss obtained in the layer negligible, the resistivity of the layer 

25 has to be sufficiently high. 

Apart from this magnetically induced current, a capacitive current 
will flow through in the layer thanks to the direct grounding at the two 
ends of the cable. If the resistivity of the layer is chosen in such a way 
that it becomes too high, this capacitive current will become so delimited 

30 that the potential of parts of the layer can diverge so much from the 

ground pot ntial during a p riod of the alternating voltage that other ar- 
eas of the pow r transformer/reactor than the solid insulation of the 
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winding is subj ct d to an electrical load. By dir ctly grounding sev ral 
points of the semiconducting layer, preferably one point for each turn of 
the winding, it is guaranteed that the whole outer layer will be at a 
grounding potential, and said problem will be eliminated if the conduc- 
tivity of the layer is sufficiently high. 

This one point grounding per turn of the outer shield can be ac- 
complished by having grounding points positioned on a generatrix to a 
winding and by connecting the points along the axial length of the wind- 
ing electrically and directly to a conducting ground rail which is then 
connected to the common ground potential. 

In order to keep the losses in the outer layer as low as possible, 
a resistivity in the layer so high that it requires a plurality of grounding 
points per turn may be requested. Each turn on a winding is provided 
with an optional number, however equal for each turn, of grounding 
points of the outer layer. In the same way as the one point grounding of 
above, the grounding points can be positioned on a generatrix to the 
winding, and the points along the axial length of the winding are con- 
nected electrically and directly to conducting ground rails which are then 
connected to the common ground potential. However, it is presump- 
tioned that the choice of grounding points is done in such a way that 
there will not be any magnetic currents induced in the connections to the 
grounding rails. In order to guarantee what is stated above, the connec- 
tions between the grounding points and ground rails should pass 
through the core or yoke according to a preferred embodiment. 

In extreme cases, the windings may be subjected to transient 
overvoltages which are so fast that parts of the outer semiconducting 
layer gets such a potential that other areas of the power transformer/re- 
actor than the insulation of the cable are subjected to an undesired 
electrical load. In order to prevent such a situation from appearing, a 
number of non-linear elements, for example spark gaps, gas diodes, 
z ner diodes, or varistors can be connected between the layer and 
ground for each turn of the winding. By connecting a capacitor b twe n 
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th out r semiconducting layer and ground, it is also possible to prevent 
any undesired electrical load from appearing. A capacitor reduces the 
voltage load also at 50 Hz. These grounding principles will hereinafter 
be called "indirect grounding". 

The individually grounded ground rails may be connected to 
ground via 

1, a non-linear element, for example a spark gap or a gas diode, 

2, a linear element parallel to a capacitor, 

3, a capacitor 

or a combination of these alternatives. 

An advantageous embodiment of the power transformer/reactor is 
obtained in accordance with the invention if said liquid is a non-con- 
ducting liquid. 

In this context, it is an advantage if the non-conducting liquid is 
an insulating oil. 

An advantageous embodiment of the power transformer/reactor is 
obtained in accordance with the invention if the relative permittivity, e, of 
the liquid is relatively low, preferably e<10. 

Another advantageous embodiment of the power transformer/re- 
actor is obtained in accordance with the invention if the relative permit- 
tivity, e, is relatively high, preferably e>10. 

In this context, it is an advantage if the second semiconducting 
layer is grounded by or in the nearness of the two ends of each winding, 
and that a further point between the two ends is directly grounded. 

An advantageous embodiment of the power transformer/reactor is 
obtained in accordance with the invention if said liquid is a low- 
conducting liquid. 

In this context, it is an advantage if the low-conducting liquid has 
a specific resistivity, r, between 1 and 100 000 Wm. 

Hereby, another advantage is obtained if the low-conducting liq- 
uid has a specific resistivity, r, between 10 and 10 000 Wm. 
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Hereby, it is an advantage if th low-conducting liquid is com- 
prised by water. 

An advantageous embodiment of the power transformer/reactor is 
obtained in accordance with the invention if the layers are made of water 
5 tree resistant materials. Water trees are ageing phenomena in certain 
types of polymer insulation exposed to moisture and can result in an 
electric breakdown in the insulation. 

According to the invention, another advantageous embodiment of 
the power transformer/reactor is obtained if there is a water- 
10 impermeable layer arranged around the second semiconducting layer. 

According to the invention, another advantageous embodiment of 
the power transformer/reactor is obtained if the low-conducting liquid is 
comprised by an organic polar liquid. 

Hereby, it is an advantage if the organic polar liquid is comprised 
15 by ethylene glycol, propylene glycol, ethylene carbonate or propylene 
carbonate. 

Hereby, it is a further advantage if the organic polar liquid is sup- 
plemented with an additive for the adjustment of the conducting ability of 
the liquid. 

20 Hereby, it is an advantage if said additive is comprised by quar- 

ternary ammonium salts. 

According to the invention, an advantageous embodiment is ob- 
tained if the relative permittivity, e, of the liquid is relatively low, pref- 
erably e<10. 

25 According to the invention, another advantageous embodiment of 

the power transformer/reactor is obtained if the relative permittivity, e, is 
relatively high, preferably e>10. 

Hereby, it is an advantage if the container has the shape of 
acylinder with a toroidal cross-section. 

30 Hereby, there is another advantage if said container is provided 

with n(n>2) electrically conducting members in contact with the liquid, 
said electrically conducting members being separat d by I ctrically in- 
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suiating mat rials, and each of them being directly grounded, said elec- 
trical connection being accomplished between the second semicond- 
ucting layers and said electrically conducting members. 

According to the invention, an advantageous embodiment of the 
5 power transformer/reactor is obtained if the container is made of n elec- 
trically conducting sectors which are separated by n insulating interme- 
diate sectors. 

According to the invention, another advantageous embodiment of 
the power transformer/reactor is obtained if the container is made of 
10 electrically insulating materials, said n electrically conducting members 
being comprised by n electrodes of an electrically conducting material 
and being arranged at the inside of the container and in contact with the 
liquid. 

According to the invention, another advantageous embodiment of 
15 the power transformer/reactor is obtained if n points (n>2) are directly 
grounded by at least one turn of at least one winding. 

Hereby, it is an advantage if the n directly grounded points are 
grounded in such a way that the electric connections between the n 
grounding points divide the magnetic flow into n parts in order to reduce 
20 the losses generated by the grounding. 

Hereby, there is another advantage if the windings eclose a 
cross-sectional area A and if the circumference of each winding turn has 
the length I, where the electric connections between the n grounding 
points divide said cross-sectional area A in n sub-areas A 1t A 2 ...A n such 
25 that 

and divide said length I into n segments l 1( l 2 , ..l n . such that 

and the electric connections between the n grounding points are consti- 
30 tuted in such a way that the ends of each segment l s are electrically 
connect d in such a way that only the sub-ar a Aj is surrounded by a 
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loop consisting of the electric connection and the segment lj, and the 
condition 

* 1 

is fulfilled, f( being the magnetic flow through the sub-area Aj. 
5 Hereby, it is an advantage if, when the magnetic flow density B is 

constant over the whole cross-section of the core, the electric connec- 
tions between the n grounding points are arranged in such a way that 
the condition 

A 1 

10 is fulfilled. 

Hereby, there is a further advantage if the second semiconduct- 
ing layer is indirectly grounded at least one point between the two ends 
of each winding. 

According to the invention, an advantageous embodiment of the 
15 power transformer/reactor is obtained if the indirect grounding is per- 
formed by means of a capacitor which is connected between the second 
semiconducting layer and ground. 

According to the invention, another advantageous embodiment is 
obtained if the indirect grounding is performed by means of an element 
20 having a non-linear voltage-current characteristic and being connected 
between the second semiconducting layer and ground. 

According to the invention, another advantageous embodiment of 
the power transformer/reactor is obtained if the indirect grounding is 
performed by means of a circuit which is connected between the second 
25 semiconducting layer and ground, and which comprises an element with 
a non-linear voltage-current characteristic and connected in parallel to a 
capacitor. 

Hereby, it is an advantage if the indirect grounding is performed 
by means of a combination of the alternatives mentioned above. 
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H r by, ther is a further advantage if the I ment with the non- 
linear voltage-current characteristic can be comprised by a spark gap, a 
diode filled with gas, a zener diode, or a varistor. 

According to the invention, an advantageous embodiment of the 
power transformer/reactor is obtained if the power transformer/reactor 
comprises a core of a material which has a higher permeability than air. 

According to the invention, another advantageous embodiment of 
the power transformer/reactor is obtained if the power trans- 
former/reactor is provided without a core of a material with a higher 
permeability than air. 

Hereby, it is an advantage if the winding/windings is/are flexible 
and if said layers bear on each other. 

Hereby, there is a further advantage if said layers are made of 
materials having such an elasticity and v such a relation between the co- 
efficients of thermal expansion that the volume changes of the layers 
caused by temperature variations during operation can be absorbed by 
the elasticity of the materials in order to make the layers maintain their 
contact against each other despite the temperature variations that ap- 
pear during operation. 

Hereby, it is an advantage if the materials in said layers have a 
high elasticity. 

The invention will now be explained more in detail by means of 
the following description of preferred embodiments thereof, with refer- 
ence to the attached drawings. 

Fig. 1 shows a cross-sectional view of a high voltage cable; 

Fig. 2 schematically shows a first embodiment of the power transform- 
er/reactor, according to the present invention; 

Fig. 3 schematically shows a second embodiment of the power trans- 
former/reactor according to the present invention; 

Fig. 4 schematically shows a third embodiment of the power trans- 
former/reactor according to the present invention; 
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Fig. 5 shows a perspective view of windings having three grounding 
points per turn, said windings being included in the power 
transformer/reactor according to the present invention; 
Fig. 6 shows a perspective view of windings with one direct grounding 
5 point and two indirect grounding points per winding turn, said 

windings being included in the power transformer/reactor ac- 
cording to the present invention; and 
Figs. 7a and 7b respectively show different elements for accomplishing 
an indirect grounding. 
10 In fig. 1 a cross-sectional view of a high voltage cable 10 is 

shown, said cable traditionally being used for transmission of electrical 
power. The high voltage cable 10 shown may, for instance, be a stan- 
dard 145 kV XLPE-cable without mantle and shield. The high voltage 
cable 10 comprises an electric conductor which may comprise one or 
15 more strands 12 which have a circular cross-section and are made of 
copper (Cu). These strands 12 are arranged in the middle of the high 
voltage cable 10. Around the strands 12, a first semiconducting layer 
14 is arranged. Around the first semiconducting layer 14, there is ar- 
ranged an insulation layer 16, for example XLPE-insulation. Around the 
20 insulation layer 16, a second semiconducting layer 18 is arranged. The 
three layers are arranged to adhere to each other even when the cable 
is bent. The cable shown is flexible, and this property is maintained 
during the entire life of the cable. 

In fig. 2 a first embodiment of the power transformer/reactor ac- 
25 cording to the invention is schematically shown. The power transform- 
er/reactor 100 comprises at least one winding (not shown; compare with 
figs 4 and 5), the winding/windings for example being provided with the 
high voltage cable 10 shown in fig. 1. The winding/windings is/are en- 
closed in a container 102 filled with liquid. In the embodiment shown in 
30 fig. 2, the container 102 is constituted by four electrically conducting 

memb rs 104 1( 104 2f 104 3 , 104 4 . In this case, the electrically conducting 
memb rs are comprised by electrically conducting sectors 104 1f 104 2 , 
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104 3 , 104 4 , which are in contact with the liquid in th container 102. The 
electrically conducting sectors 104 1f 104 2( 104 3l 104 4 are separated by 
electrically insulating materials, in this case in the shape of four insulat- 
ing intermediate sectors 106 1f 106 2 , 106 3 , 106 4 . The number of electri- 
5 cally conducting sectors and the number of electrically insulating sectors 
do not need to be 4. In a general case, there are n(n>2) electrically con- 
ducting sectors 104 lf 104 2 . ... 104 n and n electrically insulating sectors 
106 1t 106 2 , ... 106 n . In the embodiment shown in fig. 2, the liquid is 
comprised by a low-conducting liquid. This results in an electric connec- 
10 tion being accomplished between the winding/windings and said electri- 
cally conducting sectors 104^ 104 2l 104 3 , 104 4 . If the winding/windings 
is/are provided with the high voltage cable 10 shown in fig. 1, a connec- 
tion between the second semiconducting layers 18 (see fig. 1) and the 
electrically conducting sectors 104 1t 104 2( ... 104 n is accomplished. The 
5 liquid also accomplishes a cooling of the winding/windings. In this em- 
bodiment, the electrically conducting sectors 104 1( 104 2l 104 3 , 104 4 are 
directly grounded 110 by means of the electric connections 108^ 108 2 , 
108 3l 108 4 . The electric connections (the leads) 108 1f 108 2 , 108 3l 108 4 
pass the core 112 (only schematically shown) in such a way that they 
20 divide the cross-sectional area A of the core 112 (and thereby the mag- 
netic flow f) in four sub-areas Ai-A 4 . By grounding in the way described 
above, the losses in the second semiconducting layer 18 (compare with 
fig. 1) are kept as low as possible. If the liquid also has a conducting 
ability so adjusted that the induced current in the liquid does not result 
25 in losses that are too high while, at the same time, the conducting ability 
is sufficient in order to accomplish the grounding of the second semi- 
conducting layer of the high voltage cable, the problems regarding the 
cooling and grounding are simultaneously solved. The low-conducting 
liquid suitably has a specific resistivity, r, between land 100 000 Wm, 
30 preferably 10 and 10 000 Wm. For a further description of the principle 
of direct grounding, reference is made to fig. 5 and the description be- 
longing thereto. 
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In fig 3 a s cond embodiment of the pow r transformer/reactor 
according to the present invention is schematically shown. The power 
transformer/reactor 120 comprises at least one winding (not shown; 
compare with figs. 5 and 6), the winding/windings for example being 
5 provided with the high voltage cable 10 shown in fig. 1. The wind- 
ing/windings is/are enclosed in a container 122 filled with liquid, in the 
embodiment shown in fig. 3, the container 122 is made of electrically 
isolating materials. The container 122 is also provided with four electri- 
cally conducting members 124 1t 124 2f 124 3 , 124 4) which are constituted 
10 by four electrodes 124-,, 124 2l 124 3( 124 4 made of electrically conducting 
materials and arranged at the inside of the container 122 and in contact 
with the liquid. In a general case, there are n(n>2) electrodes 124 1t 
124 2 , ...124 n . In the embodiment shown in fig. 3, the liquid is comprised 
by a low-conducting liquid, such as in the case according to fig. 2. In 
15 this embodiment, the electrodes 124 1( 124 2( 124 3 , 124 4 are directly 
grounded 110 by means of the electric connections 108 1f 108 2l 108 3l 
108 4 . In a way similar to the one of the embodiment according to fig. 2, 
the electric connections (leads) 108 1f 108 2 , 108 3 , 108 4 pass the core 
112 (only schematically shown) in such a way that they divide the cross- 
20 sectional area A (and thereby the magnetic flow) of the core 112 into 
four sub-areas A^A^ As to the rest, this embodiments works in the 
same way as the embodiment shown in fig. 2. 

The containers 102, 122 shown in figs. 2 and 3 both have the 
shape of a cylinder with a toroidal cross-section. The containers 102, 
25 122 are also provided with a cap and a bottom, as can be seen in figs. 2 
and 3. In the containers 102, 122 shown, the core/core legs of the power 
transformre/reactor 100, 120 is/are arranged in the cylindrical hole 114 
provided in the container 102, 122. 

The containers 102, 122 may also be provided in one or two 
30 pieces without a separate bottom. 

In fig. 4 a third embodiment of the power transformer/reactor ac- 
cording to th present invention is sch matically shown. The pow r 
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transformer/r actor 130 comprises at least on winding (not shown; 
compare with figs. 5 and 6), the winding/windings for example being 
provided with the high voltage-cable 10 shown in fig. 1. The wind- 
ing/windings is/are enclosed in a container 132 filled with liquid. As can 
5 be seen in fig. 4, the container 132 is provided with three cylindrical 
holes, 114 1f 114 2( 114 3 , in which the core legs 134 1t 134 2 , 134 3 are ar- 
ranged. Even if it cannot be seen in fig. 4, the container 132 is provided 
with n electrically conducting members, either in the shape of n elec- 
trically conducting sectors, in correspondence to fig. 2 or in the shape of 
10 electrodes provided in contact with the liquid, in correspondence to fig. 
3. In the embodiment shown in fig. 4 f the liquid is comprised by a low- 
conducting liquid as in the cases according to figs. 2 and 3. In the same 
way as in figs. 2 and 3, the direct grounding is performed in such a way 
that the electric connections divide the cross-sectional area A (and 
15 thereby the magnetic flow) of the core legs 134^ 134 2) 134 3 in n sub- 
areas A^An. As to the rest, this embodiment works in the same way as 
the embodiments shown in figs. 2 and 3. 

In the embodiments of the power transformer/reactor 100, 120, 
130 according to the present invention and shown in figs. 2-4, a low- 
20 conducting liquid was used. Depending on the properties of the liquid, 
two cases that require a different type of grounding can be obtained. 

If the low-conducting liquid has a relative permittivity, e, which is 
relatively high, preferably e>10, the liquid will accomplish an indirect 
grounding or impulse grounding in a capacitive way. The only other 
25 grounding that is needed, is the direct grounding shown in fig.s 2 and 3. 
A suitable low-conducting liquid in this context is water. It is then suit- 
able if the layers 14, 16, 18 (compare with fig. 1) are provided with water 
tree resistant materials. Here, another alternative is that a water imper- 
meable layer is arranged between the insulating layer 16 and the second 
30 semiconducting layer 18. A low-conducting liquid with a high relative 
permittivity, e, can also be comprised by an organic polar liquid. Exam- 
ples of organic polar liquids are ethylene glycol, propylen glycol, thyl- 
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ne carbonate or propylen carbonate. The organic polar liquid can also 
be supplemented with an additive for the adjustment of the conducting 
ability of the liquid. Said additive may, for example, be comprised by 
quaternary ammonium salts. 
5 If, on the other hand, the low-conducting liquid has a relative per- 

mittivity, e f which is relatively low, preferably e<10, the liquid will not 
accomplish a sufficiently effective indirect grounding or impulse ground- 
ing. In this case, the direct grounding shown in figs. 2-4 must be sup- 
plemented by an indirect grounding (compare with fig. 6). An example of 
10 such a low-conducting liquid with e<10 is mineral oil with additives such 
as quaternary ammonium salts. 

Further embodiments of the power transformer/reactor according 
to the present invention will be obtained if the liquid in the container is a 
non-conducting or isolating liquid. Depending on the properties of the 
15 liquid, it is also here possible to obtain two cases that require a different 
type of grounding. 

If the non-conducting or isolating liquid has a relative permittivity, 
e, which is relatively high, preferably e>10, the liquid will accomplish an 
indirect grounding or impulse grounding in a capacitive way. Thanks to 
20 the high capacity towards the ground-through the liquid, a capacitive im- 
pulse grounding is accomplished. Generally, the only further grounding 
needed is a direct grounding, however not exactly the one shown in fig. 
2-4 (compare with fig. 5). 

If, however, the non-conducting or isolating liquid has a relative 
25 permittivity, e, which is relatively low, preferably e<10, the liquid will not 
accomplish an indirect grounding or impulse grounding. Accordingly, a 
direct grounding, however not exactly the one shown in figs. 2 and 3 
(compare with fig. 5) as well as an impulse grounding or indirect ground- 
ing (compare with fig. 6) are required. If the liquid is a non-conducting or 
30 isolating liquid, the container has no electrically conducting members, 
because no electric connection can be accomplished in the liquid. An 
exampl of such a non-conducting liquid is an isolating il. Examples of 
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such isolating oils are min ral oil, for xampl transformer oil, synthetic 
hydrycarbons, and silicon oil. The isolating liquid cools the power trans- 
former/reactor but is neither used for direct nor indirect grounding. 

In fig. 5, a perspective view of windings having three grounding 
5 points per turn is shown, said windings being included in the power 
transformer/reactor according to the present invention. In fig. 5 the ref- 
erence number 20 indicates a core leg included in a power transformer 
or reactor. Around the core leg 20, two windings 22, and 22 2 are ar- 
ranged, said windings being provided with the high voltage cable 10 

10 shown in fig. 1. There are radially provided distance members 24 1( 24 2> 
24 3 , 24 4 , 24 5l 24 6 in order to fix the windings 22, and 22 2 . In the case 
shown in fig. 5, there are six distance members per winding turn. At the 
two ends 26 if 26 2 ; 28 1( 28 2 of each winding 22, t 22 2 , the outer semicond- 
ucting layer is grounded (compare with fig. 1). The distance members 

15 24 1f 24 3f 24 5 that are indicated with black are used to accomplish three 
grounding points per winding turn. These distance members 24,, 24 3 , 
24 5 are thus connected to the second semiconducting layer of the high 
voltage cable 10. At the periphery of the winding 22 2 and along the axial 
length of the winding 22 2l the distance members 24! are directly con- 

20 nected to a first grounding element 30 1( the distance members 24 3 are 
directly connected to a second grounding element 30 2 and the distance 
members 24 5 are directly connected to a third grounding element 30 3 . 
The grounding elements 30,, 30 2f 30 3 can be comprised by grounding 
rails 30-,, 30 2l 30 3 connected to the common grounding potential 32. The 

25 three grounding elements 30 1( 30 2 , 30 3 are connected by means of two 
electric connections 34 1f 34 2 (leads). The electric connection 34, is 
guided into a first slit 36! arranged in the core leg 20, and is connected 
to the grounding elements 30 2 and 30 2 . The electric connection 34 2 is 
guided into a second slit 36 2 arranged in the core leg 20, and is con- 

30 nected to the grounding elements 30, and 30 3 . The slits 36,, 36 2 are ar- 
ranged in such a way that they divide the cross-sectional area A (and 
ther by the magnetic flow f) of th cor I g 20 in three sub-areas A 1f A 2 , 
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A 3 . The slits , 36 2 thus divide the core leg 20 in thr e parts 20,, 20 2 , 
20 3 . This results in no currents in connection to the grounding rails be- 
ing magnetically induced. By grounding in the way described above, the 
losses in the second semiconducting layer are kept as low as possible. 
5 In fig. 6, a perspective view of windings is shown, said windings having 
one direct grounding point and two indirect grounding points per winding 
turn, and being included in a power transformer/reactor according to the 
present invention. In fig. 6 the reference number 20 indicates a core leg 
included in a power transformer or reactor. In this case, two windings 

10 22, and 22 2 are arranged around the core leg 20, said windings being 
provided with the high voltage cable 10 shown in fig. 1. The windings 
22, , 22 2 are fixed by means of six distance members 24, , 24 2 , 24 3 , 24 4l 
24 5 , 24 6 per winding turn. At the ends 26,, 26 2 ; 28 1f 28 2 of each winding 
22,, 22 2 the second semiconducting layer is grounded (compare with fig. 

15 1). In this case, the distance members 24 1t 24 3 , 24 3 that are indicated 
with black are used to accomplish one direct and two indirect grounding 
points per winding turn. The distance members 24, are directly con- 
nected to a first grounding element 30,, the distance members 24 3 are 
directly connected to a second grounding element 30 2 and the distance 

20 members 24 5 are directly connected to a third grounding element 30 3 . As 
can be seen in fig. 6, the grounding element 30, is directly connected to 
ground 36, while the grounding elements 30 2t 30 3 are indirectly 
grounded. The grounding element 30 2 is indirectly grounded as it is con- 
nected to the ground in series and via the spark gap 34. The grounding 

25 element 30 3 is indirectly grounded as it is connected to the ground in 
series and via a circuit comprising a spark gap 38 connected in parallel 
to a capacitor 40. The spark gaps 34 and 38 are examples of a non- 
linear element, i.e. an element with a non-linear voltage-current charac- 
teristic: 

30 In figs. 7a and 7b respectively, different elements for accomplish- 

ing indirect grounding are shown. In fig. 6a ( the indirect grounding is ac- 
complish by m ans of a circuit 50, which compris s an I m nt 52 with a 
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non-linear voltage-curr nt characteristic and connected in parallel to a 
capacitor 54. In this case, the element 52 with non-linear voltage-current 
characteristic us comprised by a spark gap 52. The element 52 can also 
be comprised by a diode filled with gas, a zener diode, or a varistor. In 
5 fig. 6b, the indirect grounding is accomplished by a zener diode 56. 

In practice, the above defined principles of the direct and indirect 
grounding are executed in somewhat different ways depending on the 
properties of the liquid being used. Four different cases are obtained: 

• The winding/windings is/are submerged into a non-conducting liquid 
10 with a low relative permittivity, e. The direct grounding is executed in 

accordance with fig. 5 and the indirect grounding is executed in ac- 
cordance with fig. 6. 

* The winding/windings is/are submerged into a non-conducting liquid 
with a high relative permittivity, e. The direct grounding is executed in 

15 accordance with fig. 5, while the indirect grounding is accomplished 
through the high capacity towards ground thanks to the liquid. 

# The winding/windings are submerged in a low-conducting liquid with a 
high relative permittivity, e. First, a container according to figs. 2-4 
and having electrically conducting members is used. The indirect 

20 grounding is accomplished thanks to the high capacity towards the 
ground thanks to the liquid. The direct grounding is accomplished 
partly according to the principle as per fig. 5. The difference is that, 
when the liquid is only fairly conducting, no special grounding ele- 
ments 30 are needed (compare with fig. 5). The contact to the ground 

25 is established evenly along all the cable between the second/outer 

semiconducting layer of the cable and the low-conducting liquid. The 
current will then go to the electrically conducting members 102/124 
where it is "caught" and led to the ground. On the other hand, the 
electrically conducting members are connected to ground in the way 

30 shown in figs. 2-5. 

• The winding/windings is/are submerged in a low-conducting liquid 
with a low relative permittivity, e. Also in this cas , a contain r ac- 



WO 99/28927 24 PCT/SE98/02160 

cording to figs. 2-4 and equipp d with electrically conducting mem- 
bers is used. The direct grounding is accomplished partly in accor- 
dance with the principle of fig. 5, and the indirect grounding is ac- 
complished partly in accordance with fig. 6. The difference is that, 
5 when the liquid is a low-conducting one, no special grounding ele- 
ments 30 are needed (compare with figs. 5 and 6). The contact with 
the ground is established evenly along the whole cable between the 
second/outer semiconducting layer of the cable and the low- 
conducting liquid. The current then goes to the electrically conducting 
10 members 102/124, where it is "caught" and led to the ground. On the 
other hand, the electrically conducting members are connected to in- 
direct ground and to direct ground in the ways shown in figs. 2-6. 
On the other hand, it should be stated that all the grounding 
methods mentioned above, direct or indirect ones, through the liquid or 
15 by means of separate devices, are combined or can be present at the 
same time. 

In the figures shown above, the power transformer/reactor com- 
prises a magnetizable core. In this case, it should be said that the power 
transformer/reactor may comprise a core made of material that has a 
20 higher permeability than air. It may also be provided without a core of a 
material that has a higher permeability than air. 

The invention is not delimited to the embodiments shown above, 
but several modifications are possible within the frame of the enclosed 
claims. 
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CLAIMS 

1. A power transformer/reactor (100;120) comprising at least one 
winding (22! f 22 2 ), characterized in that the winding/windings (22 1t 22 2 ) 

5 comprises/comprise at least one electric conductor, a first semicond- 
ucting layer (14) arranged around the conductor, an insulating layer (16) 
arranged around the first semiconducting layer (14), and a second semi- 
conducting layer (18) arranged around the insulating layer (16), and in 
that the winding/windings (22 1t 22 2 ) is/are enclosed in a container (102; 

10 122) filled with a liquid which accomplishes a cooling. 

2. A power transformer/reactor (100; 120) according to claim 1, 
characterized in that the potential of the first semiconducting layer (14) 
is generally the same as the potential of the conductor. 

5 

3. A power transformer/reactor (100; 120) according to claim 1 or 2, 
characterized in that the second semiconducting layer (18) is arranged 
to generally form an equipotential surface surrounding the conductor. 

20 4. A power transformer/reactor (100; 120) according to any one of 
claims 1-3, characterized in that at least two adjacent layers of the 
windings of the power transformer/reactor have generally equal coeffi- 
cients of thermal expansion. 

25 5. A power transformer/reactor (100; 120) according to any one of 
the preceding claims, characterized in that the conductor comprises a 
number of strands (12), at least some of which are in electric contact 
with each other. 

30 6. A power transformer/reactor (100; 120) according to any one of 
patent claims 1-5, characterized in that each of said three layers is di- 
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whole contact 



7. A power transformer/reactor (100; 120) according to any one of 
5 claims 1-6, characterized in that the winding/windings (22 1t 22 2 ) is/are 

formed by a cable, preferably a high voltage cable (10). 

8. A power transformer/reactor (100; 120) according to claim 7, 
characterized in that the high voltage cable (10) is produced with a 

10 conductor area between 80 and 3000 mm 2 and an outer cable diameter 
between 20 and 250 mm. 

9. A power transformer/reactor (100; 120) according to claim 7 or 8, 
characterized in that said high voltage cable (10) comprises a metal 

15 shield or mantle. 

10. A power transformer/reactor (100; 120) according to any one of 
claims 1-9 t characterized in that the insulating conductor or high volt- 
age cable (10) is flexible. 

20 

11. A power transformer/reactor (100; 120) according to claim 10, 
characterized in that the layers are provided to adhere to each other 
also when the insulating conductor or the high voltage cable (10) is 
bent. 

25 

12. A power transformer/reactor (100; 120) according to any one of 
the preceding claims, characterized in that said liquid is a non-conduct- 
ing liquid. 

30 13. A power transformer/reactor (100; 120) according to claim 12, 
haracterized in that said non-conducting liquid is an insulating oil. 
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14. A power transformer/reactor (100; 120) according to claim 12 or 
13, characterized in that the relative permittivity, e, of the liquid is rela- 
tively low, preferably e<10. 

5 15. A power transformer/reactor (100; 120) according to claim 12 or 
13, characterized in that the relative permittivity, e, of the liquid is rela- 
tively high, preferably e>10. 

16. A power transformer/reactor (100; 120) according to claim 14 or 
10 15, characterized in that the second semiconducting layer (18) is 

grounded at or in the nearness of the two ends (26 1f 26 2 ; 28 1f 28 2 ) of 
each winding (22 1f 22 2 ), and that another point between the two ends 
(26, , 26 2 ; 28 1t 28 2 ) is directly grounded. 

15 17. A power transformer/reactor (100; 120) according to any one of 

claims 1-11. characterized in that said liquid is a low-conducting liquid. 

18. A power transformer/reactor (100; 120) according claim 17, char- 
acterized in that the low-conducting liquid has a specific resistivity, r, 

20 between 1 and 100 000 Wm. 

19. A power transformer/reactor (100; 120) according to claim 18, 
characterized in that the low-conducting liquid has a specific resistivity, 
r, between 10 and 10 000 Wm. 

25 

20. A power transformer/reactor (100; 120) according to any one of 
claims 17-19, characterized in that the low-conducting liquid is com- 
prised by water. 

30 21. A power transformer/reactor (100; 120) according to claim 20, 
characterized in that the layers (14, 16, 18) are made of water tree re- 
sistant materials. 
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22. A power transformer/reactor (100; 120) according to claim 20, 
characterized in that, a water-impermeable layer is arranged around the 
second semiconducting layer (18). 

23. A power transformer/reactor (100; 120) according to claims 17- 
19, characterized in that the low-conducting liquid is constituted by an 
organically polar liquid. 

24. A power transformer/reactor (100; 120) according to claim 23, 
characterized in that the organically polar liquid is comprised by ethyl- 
ene glycol, propylene glycol ethylene carbonate or propylene carbonate. 

25. A power transformer/reactor (100; 120) according to claim 24, 
characterized in that the organically polar liquid is supplemented with 
an additive for adjusting the conducting capability of the liquid. 

26. A power transformer/reactor (100; 120) according to claim 25, 
characterized in that said additive is comprised by quarternary ammo- 
nium salts. 

27. A power transformer/reactor (100; 120) according to any one of 
claims 17-19, characterized in that the relative permittivity, e, of the 
liquid is relatively low, preferably e<10. 

28. A power transformer/reactor (100; 120) according to any one of 
claims 17-26, characterized in that the relative permittivity, e, of the 
liquid is relatively high, preferably e>10. 

29. • A power transformer/reactor (100; 120) according claim 27 or 28, 
characterized in that the container (102; 122) has the shape of a cylin- 
der with a toroidal cross-s ction. 
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30. A power transformer/reactor (100; 120) according to claim 29, 
characterized in that said container (102; 122) is provided with n (n>2) 
electrically conducting members (104,- 104 n ; 124 1 -124 n ) in contact with 
the liquid, said electrically conducting members (104-,- 104 n ; 124 n -124 n ) 
being separated by an electrically insulating materials, and each of them 
being grounded, and electrical connection being accomplished between 
the second conducting layers (18) and said electrically semiconducting 
members (104 r 104 n ; 124 1 -124 n ). 

31. A power transformer/reactor (100) according to claim 30, character- 
ized in that the container (102) is constituted by n electrically conduct- 
ing sectors (104 1 -104 n ), separated by n insulating intermediate sectors 
<106,-106 n ). 

32. A power transformer/reactor (120) according to claim 30, charac- 
terized in that the container (122) is made of an electrically insulating 
material, the n conducting members being comprised by n electrodes 
(124i-124 n ) of an electrically conducting material, arranged at the inside 
of the container and in contact with the liquid. 

33. A power transformer/reactor (100; 120) according to claim 16, 
characterized in that, n points (n>2) are directly grounded by at least 
one turn of at least one winding (22 lt 22 2 ). 

34. A power transformer/reactor (100; 120) according to any one of 
claims 30-33, characterized in that the n directly grounded points are 
grounded in such a way that the electric connections between the n 
grounding points divide the magnetic flow into n parts in order to delimit 
the losses generated due to the grounding. 
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35. A power transformer/r actor (100; 120) according to claim 34, 
where the windings enclose a cross-sectional area A, and the circumfer- 
ence of each winding turn has the length I, the electric connections (34 1? 
34 2 34 n . t ) between the n grounding points dividing said cross- 

5 sectional area into n subareas A 1p A 2f ... A ni such that 

and dividing said length I into n segments l 1t l 2 , .... l n . such that 

characterized in that the electric connections between the n grounding 
10 points are provided in such a way that the ends of each segment I are 
electrically connected such that only the subarea A n is surrounded by a 
loop comprised by the electric connection no. i and the segment l t , and 
such that the condition 

1l = h, 
♦ i 

15 is fulfilled, fj being the magnetic flow through the subarea A. 

36. A power transformer/reactor (100; 120) according to claim 35, by 
which the magnetic flow density B is constant across the whole cross- 
section of the core, characterized in that the electric connections be- 

20 tween the n grounding points are provided in such a way that the condi- 
tion 

A 1 

is fulfilled. 

25 37. A power transformer/reactor (100; 120) according to any one of 
claims 34-36, when being dependent of claim 14 or 27, characterized in 
that second semiconducting layer (18) is indirectly grounded at at least 
one point between the two ends (26 1t 26 2 ; 28 1( 28 2 ) of each winding 
(22 lB 22 2 ). 
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38. A power transformer/reactor (100; 120) according to claim 37, 
characterized in that the indirect grounding is executed by means of a 
capacitor connected between the second semiconducting layer (18) and 
ground. 

39. A power transformer/reactor (100; 120) according to claim 37, 
characterized in that the indirect grounding is performed by means of 
an element (34) having a non-linear voltage-current characteristic and 
connected between the second semiconducting layer (18) and ground, 

40. A power transformer/reactor (100; 120) according to claim 37, 
characterized in that the indirect grounding is performed by means of a 
circuit (38, 40) connected between the second semiconducting layer (18) 
and ground, said circuit comprising an element (38) having a non-linear 
voltage-current characteristic and connected in parallel to a capacitor 
(40). 

41. A power transformer/reactor (100; 120) according to claim 40, 
characterized in that the indirect groundings are provided by means of 
a combination of the alternatives according to claims 38-40. 

42. A power transformer/reactor (100; 120) according to any one of 
claims 39-41, characterized in that the elements that have a non-linear 
voltage-current characteristic may be comprised by a spark gap (34, 38, 
52), a diode filled with gas, a zener diod (56) or a varistor. 

43. A power transformer/reactor (100; 120) according to any one of 
claims 1-42, characterized in that the power transformer/reactor com- 
prises a core of a material having a higher permeability than air. 
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44. A pow r transformer/reactor (100; 120) according to any one of 
claims 1-43, characterized in that the power transformer/reactor is pro- 
vided without a core of a material having a higher permeability than air 

5 45. A power transformer/reactor (100; 120) according to claim 1, 

characterized in that the winding/windings (22 1f 22 2 ) is/are flexible, and 
in that said layers bear on each other. 

46. A power transformer/reactor (100; 120) according to claim 45, 
10 characterized in that said layers are made of materials having such an 

elasticity and such a relation between the coefficients of thermal expan- 
sion of the materials that the volume changes of the layers due to tem- 
perature variations during operation can be absorbed through the elas- 
ticity of the materials, such that the layers maintain their mutual contact 
15 by the temperature variations appearing during operation. 

47. A power transformer/reactor (100; 120) according to claim 46, 
characterized in that the materials in said layers have a high elasticity. 
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